Abstract Changes in physico-chemical qualities (pH, total acidity, total and reducing sugar, total phenolic and vitamin C), astringency compounds (condensed and hydrolysable tannin), antioxidant activities [2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2 0 -azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical] and flavor volatile compounds in Lactobacillus plantarum-fermented cashew-apple-juice (CAJ) and 11.4°Bx concentrated-cashew-applejuice (CCAJ) was investigated. Total phenolics remained unchanged throughout fermentation period, whereas condensed tannins increased and hydrolysable tannins decreased indicating reduced astringency compounds. Antioxidant activity based on both DPPH and ABTS radical scavenging activities marginally declined in some stages but overall were sustained during fermentation. Although the DPPH Á radical based antioxidant activity of fermented CAJ was greater than that of fermented 11.4°Bx CCAJ, a higher ABTS Á? radical scavenging activity was found in fermented 11.4°Bx CCAJ, reflecting higher water soluble antioxidants. Results also indicated that DPPH Á
Introduction
Cashew apple is an agricultural waste with excellent sources of bioactive compounds and nutritional components such a vitamins and it can be processed into a beverage with fine sweet flavor with specific aroma (Silveira et al. 2012) . Cashew apples contain ascorbic acid four and ten times higher than orange and pineapple juice, respectively (Berry and Sargent 2011) . In addition they contain phenolic compounds such as anarcardic acid, cardol and tannins as well as carotenoids which can act as potential antioxidants. However, strong radical scavenging activity proanthocyanidins (condensed tannins) are responsible for the typical astringency of some fruits (He et al. 2011) . These condensed tannins in cashew apple are mainly built of (-)-epigallocatechin [and/or (?) -gallocatechin] associated with some (-)-epicatechin [and/or (?) -catechin] units (Queiroz et al. 2011) . Despite the high level of tannin contents that cause astringency, cashew apples can be processed into a beverage due to its fleshy pulp, soft peel, lack of seeds, high sugar concentration and strong exotic flavor (Chapin and Lauderdale 2003; Rufino et al. 2010) from volatile constituents such as, esters (38-80% of total volatiles), alcohols (30% of total volatiles), acids (15% of total volatiles), aldehydes, ketones, and ethers (Garruti et al. 2003) .
Fermentation is a traditional technology that can be used in plant foods to enhance the shelf-life, nutritional and organoleptic qualities and remove undesirable compounds (Hernandez et al. 2007) . In targeting such fermentations probiotic lactic acid bacteria were used in pomegranate juice (Mousavi et al. 2013) , and cashew apple juice (Pereira et al. 2011) . Based on this rationale cashew apple juice is a good juice matrix for lactic acid bacterial (LAB) fermentation to produce a healthy alternative functional food and with beneficial flavor attributes (Garruti et al. 2006; Pereira et al. 2011; Salmerón et al. 2014) .
Among LAB, Lactobacillus plantarum is considered as GRAS (generally recognized as safe) and has been used for centuries in food preservation and is commonly found in fermented vegetable food products (Hernandez et al. 2007; Rodríguez et al. 2009 ). Moreover, L. plantarum is known to degrade tannins and produces tannase after 24 h of growth on minimal media containing tannic acid (Rodrí-guez et al. 2009 ). Tannase catalyzes the hydrolysis of ester bonds in hydrolysable tannins and gallic acid ester which are used in the food industry as substrates for the synthesis of propylgallate, a potent antioxidant (Rodríguez et al. 2009 ). In addition, L. plantarum produces active enzymes-amylase, b-glucosidase, decarboxylase, lactate dehydrogenases, peptidase, phenolic acid decarboxylases, phenol reductase and proteinase (Hur et al. 2014) . Furthermore, b-glucosidase could improve antioxidant activity (Hur et al. 2014) . Based on these attributes we have targeted L. plantarum for development of non-dairy probiotic beverage products from cashew apple.
Among the important quality parameters for the consumer aroma is critical (Braga et al. 2013) as volatile constituents influence on the sensory properties of newly developed products (Garruti et al. 2003) . The production of aroma compounds is highly influenced by several different factors such as fermentation conditions, production processes and microbial strains (Garruti et al. 2006) . During fermentation, volatile compounds could be generated by enzymatic activity through metabolic pathways of L. plantarum (Salmerón et al. 2014) . Therefore in the design of functional beverage products of fermented cashew apple using L. plantarum physico-chemical qualities and volatile compounds related to aroma can be targeted. Therefore this study focused on investigation of the physico-chemical, astringency, antioxidant activity and volatile compounds of L. plantarum-fermented fresh cashew apple juice (CAJ) and compared it with 11.4°Bx concentrated cashew apple juice (CCAJ) to target cashew apple as a source of functional beverage.
Materials and methods

Raw material
In this study we used cashew apples and concentrated cashew apple juice from the Heritage Grower Corporation Ltd., located in Southern Thailand. Cashew apples were cleaned with filtered water and then cut into small pieces. The edible pieces were blended using a Waring blender for 5 min as fresh cashew apple juice (CAJ) with total soluble solids at 11.4°Bx and kept at -20°C during the period of the study. Concentrated cashew apple juice (CCAJ) with 78.6°Bx was adjusted to 11.4°Bx with distilled water with the total soluble solids of CCAJ equal to CAJ total soluble solids. Fresh CAJ and 11.4°Bx CCAJ were pasteurized for 15 min at 70°C, prior to further study.
Probiotic lactic acid culture preparation
Lactobacillus plantarum TISTR 543 was obtained from the Thailand Institute of Scientific and Technological Research (TISTR), Pathum Thani, Thailand. Cell cultivation was carried out at 30°C in an incubator with the cell density determined spectrophotometrically at 600 nm, and reached 1.000 which corresponds to 15 9 10 8 colony forming units (CFU) per milliliter (mL) (CFU/mL), as in the McFarland scale (Chapin and Lauderdale 2003) .
Cashew apple fermentation
Fermentation experiments were conducted in sealed Erlenmeyer flasks, each containing 20 g of pasteurized CAJ or 11.4°Bx CCAJ without supplementary nutrients or water. The L. plantarum TISTR 543 was cultured in MRS broth at 30°C and equivalent of 15 9 10 8 CFU/mL was inoculated in pasteurized CAJ or 11.4°Bx CCAJ. The fermentation process was performed at 30°C for 72 h. Samples were taken at 0, 12, 24, 48 and 72 h for chemical and microbiological analyses. Pasteurized fresh cashew apple juice served as the control.
Viable cell counts
Cell viable counts of fermented CAJ or 11.4°Bx CCAJ was obtained by serial dilution to 10 -6 with 0.7% NaCl solution. Aliquots of 0.1 mL of diluted sample were plated in triplicate in MRS Agar (spread plate method). The plates containing 20-350 colonies were counted after incubation for 72 h at 37°C and Log CFU/mL was recorded.
pH and total titratable acidity (%TTA)
The pH of fermented CAJ or 11.4°Bx CCAJ was measured during the fermentation periods using a pH meter (Mettler Toledo, Fisher Scientific, UK) which was calibrated with buffer solutions at pH 4.0 and 7.0 (Laboratory Chemical, New Zealand). Total titratable acidity, expressed as percentage of lactic acid, was determined by titration with 0.1 M NaOH using the method of AOAC (2000).
Total sugar and reducing sugar
Reducing sugar contents were analyzed as glucose equivalents by Nelson-Somogyi method (Somogyi 1952) . Total sugar contents were analyzed as glucose equivalents by the phenol sulfuric acid method of Dubois et al. (1956) . Absorbance was determined using UV-Spectrophotometer (Biomate 3, Genesys 10, Thermo Electron Corporation, Germany).
Vitamin C content
Vitamin C contents were determined following the AOAC method for vitamin C (ascorbic acid) in vitamin preparations and juice (AOAC 2000) . Results are expressed as milligram ascorbic acid equivalent (AAE)/L of sample.
Total phenolic contents
Total phenolics in all samples were determined by the Folin-Ciocalteu colorimetric method according to Huang et al. (2005) . Sample (10 lL) was added to the test tube and mixed with 90 lL distilled water and 2 mL of 2% (w/v) Na 2 CO 3 solution. After incubation for 3 min, 100 lL of Folin-Ciocalteu reagent was added. After standing for 30 min at room temperature the results were expressed as gram gallic acid equivalent (GAE)/L of sample using spectrophotometric method at 750 nm.
Condensed tannin contents
Total tannins or condensed tannins were measured using the modified vanillin assay described by Sun et al. (1998) . Three milliliters of 4% methanol vanillin solution and 1.5 mL concentrated HCl were added to 100 lL of sample. The mixture was kept for 15 min and the amount of total condensed tannins was expressed as milligram (?)-catechin equivalent (mg CE/L) of sample using spectrophotometric method at 500 nm. The calibration curve range was 0-400 mg/mL (R 2 = 0.999). Triplicate measurements were taken for all samples.
Hydrolysable tannin content
Hydrolysable tannins were determined according to the method of Saad et al. (2012) . A volume of 2.5 mL of KIO 3 aqueous solution (2.5% w/v) was added to the test tube and heated for 7 min at 30°C, and then 0.5 mL of sample was added. After an additional 2 min of tempering at 30°C, the absorbance was measured at 550 nm, using distilled water as a blank. Results were expressed as milligram tannic acid equivalent (mg TAE)/L of sample through the calibration curve using tannic acid solution (5000 mg/mL) prepared by solubilization of 0.125 g of tannic acid in 25 mL of methanol (80%). The calibration curve range was 0-4000 mg/mL (R 2 = 0.999). Triplicate measurements were taken for all samples.
Determination of antioxidant capacity
DPPH radical scavenging activity assay
The DPPH radical scavenging activities of samples were measured according to the method of Bersuder et al. (1998) with a slight modification. A 10 lL aliquot of the sample was added to the test tube and mixed with 30 lL of distilled water. Then, 2 mL of 0.1 mM DPPH Á dissolved in 95% ethanol was added to the sample. The mixture was shaken and left for 30 min in the dark at room temperature.
Absorbance was recorded at 517 nm and percent DPPH Á scavenging activity (%) was calculated using the following equation:
where A blank is the absorbance of 40 lL distilled water mixed with 2 mL of 0.1 mM ethanolic DPPH Á solution,
A sample is the absorbance of 40 lL aqueous sample mixed with 2 mL of 0.1 mM ethanolic DPPH Á solution, and A control is the absorbance of 40 lL aqueous sample mixed with 2 mL of ethanol (all analyzed at 517 nm).
ABTS radical cation decolorization (ABTS Á? ) scavenging activity assay
The ABTS Á? scavenging activity of samples on ABTS method was measured according to Shan et al. (2005) where ABTS, a colorless chromogen substance, is changed into its colored monocationic radical form (ABTS Á? ) by an oxidizing agent. In this study, the ABTS Á? radical cation was generated by reacting 7 mM ABTS and 2.45 mM potassium persulfate in the dark for 24 h at 20°C. Before analysis, the ABTS Á? solution was diluted with ethanol to obtain an absorbance of 0.700 ± 0.020 at 734 nm. Then, the absorbance of diluted ABTS Á? solution was recorded.
An aliquot of the sample (10 lL) was added to a test tube and mixed with 70 lL distilled water. After adding 4 mL diluted ABTS Á? solution (prepared daily) to the sample, the absorbance was measured at 734 nm after exactly 6 min of initial mixing. Percentage of ABTS radical scavenging activity (%) was calculated according to the following equation:
ABTS radical scavenging activity ð%Þ
where Ac is absorbance of 80 lL distilled water mixed with 4 mL diluted ABTS Á? solution, Am is absorbance of 80 lL sample mixed with 4 mL diluted ABTS Á? solution.
Scavenging activity was expressed as percentage disappearance of ABTS Á? .
Determination of volatile compounds
Analysis of volatile compounds in fermented CAJ and 11.4°Bx CCAJ was performed in a headspace solid-phase microextraction (HS-SPME) gas chromatoghaphy mass spectrometry (GC-MS) (Model 7890A MS, Agilent Technologies, Santa Clara, CA, USA) operating with an ionization voltage of 70 eV. Each sample (3 mL) was placed in a 20 mL glass vial and heated at 40°C for 1 min in a GC-MS heating block for headspace analysis. Volatile compounds were absorbed onto a SPME fibre (50/30 lm DVB/Carboxen TM ; Supelco, Bellefonte, PA) for 7 min. After equilibrium, the SPME fibre was desorbed into the injector port at 240°C for 13 min, and the injector was operated in splitless mode. Helium was used as the carrier gas at 1.0 mL/min. Separation of volatiles was attained through a HP-5 capillary column (30 m 9 0.25 mm, 0.25 lm film thickness; J&W Scientific Inc., Folsom, CA, USA). Temperature programming was set at 80°C initially followed by an increase to 230°C at 5°C/min, and holding this temperature for 5 min, giving a total analysis time of approximately 35 min. Identification of volatile compounds was based on comparison of their retention time and mass spectrum with data in the Wiley 275 and NIST libraries at a percentage of quality match over 85%, and the data was compared to previously published literature. Retention index (RI) values of samples were obtained from the comparison with alkane standards (C 8 -C 20 ).
Statistical analysis
All experiments were carried out in triplicate, and the results are expressed as mean ± SD (standard deviation). The SAS Statistical Analysis System (SAS Institute, USA) was used to analyze the experimental data. Significant differences (p \ 0.05) between means were separated by Duncan's Multiple Range Test (DMRT).
Results and discussion
Physico-chemical quality changes of fermented CAJ and 11.4°Bx CCAJ Viable cell counts Sufficient L. plantarum could survive after some decline on pasteurized CAJ and 11.4°Bx CCAJ under microaerophilic conditions at 37°C for 72 h (Fig. 1) . Population of L. plantarum in CAJ and 11.4°Bx CCAJ decreased from the initial 9.18 Log 10 CFU/mL to 5.12 Log 10 CFU/ mL and 4.95 Log 10 CFU/mL, respectively. This reflected a population decline greater than 50% after 72 h fermentation but was sufficient for biotransformation activities. The decline in viable cell counts might be due to pH differences between pretreatment (MRS broth, pH 5.4) and fermentation medium, where the initial pH of fermented CAJ and 11.4°Bx CCAJ was 4.0 and 4.5, respectively. The pH on the higher acidic side induces stress on the microorganisms and therefore potentially contributed to decreased microbial growth at the early stage of fermentation (lag phase) (Mousavi et al. 2013 ). However, the viable cell number was stable during fermentation time from 48 to 72 h (p C 0.05) after initial the declining phase. Previously Salmerón et al. (2014) also reported that L. plantarum could survive in low pH of fermented cereal. Further the primary metabolites formed during the first growth stage of fermentation may now be biotransformed to secondary metabolites in the declining phase that may also contribute to declining growth (Salmerón et al. 2014 ).
The pH and total titratable acidity (%TTA)
Changes in pH of CAJ and 11.4°Bx CCAJ fermented with L. plantarum at 37°C for 72 h are shown in Fig. 2a . During initial 24 h fermentation, pH of fermented 11.4°Bx CCAJ increased from 4.50 to 4.73, and slightly decreased to 4.45 at the end of 72 h fermentation. Meanwhile, pH of the fermented CAJ decreased rapidly from 4.00 to 3.50 after 12 h fermentation. Thereafter, the pH remained constant for L. plantarum fermented CAJ until 72 h of fermentation (pH 3.50), similar to the pH of the control (pH 3.50) at 72 h. The pH decrease is generally associated with organic acids produced by L. plantarum, indicating pH of fermented culture had changed in response to metabolic activities (Raimbault and Tewe 2001) . Results were in accordance with Nagpal et al. (2012) , who reported that pH of fruit juices decreased during fermentation with L. plantarum, due to the secretion of organic acids such as citric, acetic or lactic acids.
In this study, L. plantarum CAJ produced significantly more TTA than that of fermented 11.4°Bx CCAJ. After 72 h, TTA of fermented CAJ increased from 0.65 to 1.60%, whereas TTA of fermented 11.4°Bx CCAJ increased from 0.32 to 0.43% (Fig. 2b) . It was obvious that TTA of either fermented CAJ or CCAJ was closely correlated with its pH values. This correlation of low pH and high acidity were in agreement with the findings by Ibanoglu et al. (1995) for Tarhana fermentation and Salmerón et al. (2014) for cereal fermentation. It is potentially due to lactic acid production following sucrose hydrolysis which occurs at low pH values (Costa et al. 2013) .
Total sugar and reducing sugar
Sugar contents of the cashew apple have usually been assessed in terms of total sugar or reducing sugar. It is interesting to note that reducing sugar and total sugar of CAJ (4.59 and 4.74 g/L) were higher than 11.4°Bx CCAJ (3.30 and 3.56 g/L), which might be due to the dilution to 11.4°Bx from the concentrated cashew apple juice (CCAJ). Changes in reducing sugar and total sugar contents of fermented CAJ and fermented 11.4°Bx CCAJ are shown in Fig. 2c, d . Results indicated that their contents decreased significantly (p \ 0.05) in fermented CAJ and CCAJ compared to control. However, the decrease of reducing sugar and total sugar of fermented CAJ was greater than fermented 11.4°Bx CCAJ. The control pasteurized CAJ without inoculation was more stable over 0-72 h and values were 4.59-4.16 g/L for reducing sugar and 4.73-4.52 g/L for total sugar, respectively. The values of reducing sugar and total sugar during 0-72 h fermentation for CCAJ were 3.30-2.25 and 3.56-2.43 g/L, and for CAJ were 4.59-3.34 and 4.74-3.61 g/L, respectively. Therefore the CAJ fermented with L. plantarum consumed sugar at a much faster rate than of fermented 11.4°Bx CCAJ. The decrease in sugar concentrations during fermentation is largely due to not only bioconversion into lactic acid, but also the utilization during growth and metabolism of L. plantarum (Raimbault and Tewe 2001; Salmerón et al. 2014) . During fermentation, hetero-fermentative lactic acid bacteria could utilize glucose via the pentose phosphate pathway (PPP), yielding lactic-acid, ethanol, and CO 2 , resulting in extremely low pH and high acidity (Salmerón et al. 2014) . In the present investigation, results also indicated that L. plantarum could potentially utilize fruit sugars and produce lactic acid without any additional nutrient supply. The decrease in sugar contents of fermented CAJ and 11.4°Bx CCAJ was correlated with decreasing pH and increasing TTA. In case of control, while reducing sugar and total sugar contents remain relatively stable over 0-72 h, the reduction in pH may be potentially due to pasteurization-induced non-biological acidification linked to adduct formation (Nie et al. 2013) without rapid sugar utilization as seen in L. plantarummediated fermentation.
Vitamin C or ascorbic acid contents
Vitamin C or L-ascorbic acid; a water-soluble vitamin that is ubiquitous in fresh fruits and vegetables, has many nutritional and clinical benefits for human health. It especially acts as a strong antioxidant through its electron donation potential (Suntornsuk et al. 2002) . Results indicated that initial level vitamin C contents in fermented CAJ and control juice were higher than that found in 11.4°Bx CCAJ (Fig. 3a) . The 12X reduced content of vitamin C in 11.4°Bx CCAJ was potentially due to both dilution effect and heat accelerated degradation (Nicoli et al. 1999) . The vitamin C contents of fermented CAJ increased from 2474.88 to 2804.86 mg AAE/L from 0 to 12 h, and then decreased by the end of 72 h fermentation (Fig. 3a) . The increase in vitamin C contents at 12 h of fermentation could be due to new microbial biosynthesis of vitamin C (Adetuyi and Ibrahim 2014) . Moreover, the decrease in vitamin C after 12 h fermentation might be due to degradation, especially as vitamin C is very susceptible to chemical and enzymatic oxidation such as induced by ascorbate oxidase (a pH dependent enzyme that could convert ascorbic acid to dehydroascorbic acid) to non-antioxidant type substances (Adetuyi and Ibrahim 2014) .
Total phenolic contents
Phenolic acids are associated with color, sensory qualities, nutritional and antioxidant properties of foods (Hernandez et al. 2007; Shrestha et al. 2013) . Total phenolic content of either of control or CAJ at 0 h were lower than total phenolics of 11.4°Bx CCAJ (Fig. 3b) .The total phenolics of the control remained relatively unchanged until 48 h and slightly reduced during 72 h of fermentation. Whereas total phenolics of fermented CAJ increased slightly from 123.97 to 128.20 mg GAE/L during 0-24 h fermentation and then decreased slightly after 24-72 h of fermentation. The highest total phenolic content was found in fermented 11.4°Bx CCAJ with their values remaining unchanged ranging from 164.75 to 169.21 mg GAE/L. The increase of total phenolic at the beginning of fermentation time to 24 h may be potentially linked to antioxidant type bioactive compounds such as phenolic acids and flavonoids which may have increased through lactic acid bacteria-mediated fermentation (Escudero-López et al. 2013; Hernandez et al. 2007 ). Subsequently in later stages until 72 h phenolics of cashew juice such as gallic acid and flavonoids might bind with sugar or amino acid (Shrestha et al. 2013) , resulting in lower soluble phenolic contents (Adetuyi and Ibrahim 2014; Shrestha et al. 2013) . During fermentation, total soluble phenolics that increased in the fermented fruit substrate might also be mobilized and degraded, resulting in lower phenolic contents (Ankolekar et al. 2012) . Some phenolic acids, especially hydroxycinnamic, can be enzymatically degraded during microbial fermentation by the action of enzyme such as polyphenol oxidase (Adetuyi and Ibrahim 2014) .
Astringency compounds changes of fermented CAJ and 11.4°Bx CCAJ
Condensed tannin contents
Biologically active compounds with antioxidant properties including condensed tannins or proanthocyanidins are responsible for the typical astringency of some fruits, but also show strong radical scavenging activity (He et al. 2011) . Condensed tannin contents of CAJ (3.06 mg CE/L) were lower than that found in 11.4°Bx CCAJ (5.71 mg CE/L). Condensed tannin contents of fermented 11.4°Bx CCAJ at all fermentation time were higher than that of fermented CAJ and the control (Fig. 3c) . However, condensed tannin contents in CAJ fermented with L. plantarum increased incrementally throughout fermentation (p \ 0.05), where its content after 72 h fermentation was 4.29 mg CE/L. The highest condensed tannin content was found in fermented 11.4°Bx CCAJ where it reached 6.32 mg CE/L by 24 h from initial level of 5.72 mg CE/L and then stabilized. The lowest content was in control juice that remained unchanged (Fig. 3c) .
Hydrolysable tannin contents
Hydrolysable tannin contents of control juice (25.03 mg TAE/L) and fermented CAJ (25.58 mg TAE/L) were lower than that found in 11.4°Bx CCAJ (131.62 mg TAE/L) at 0 h. However, hydrolysable tannin contents in fermented 11.4°Bx CCAJ decreased throughout the fermentation process (p \ 0.05), and it was lowest at 72 h (74.97 mg TAE/L) (Fig. 3d) . In this study, the lowest hydrolysable tannin was found in CAJ fermented with L. plantarum for 72 h (20.63 mg TAE/L). Results indicated that hydrolysable tannins decreased with increasing condensed tannins. It is possible that L. plantarum could produce tannase during growth on media containing tannins (Rodríguez et al. 2009 ), which could then catalyze the hydrolysis reaction of ester bonds, resulting in decreased hydrolysable tannins (Rodríguez et al. 2009 ). Overall in this study, hydrolysable tannin contents of control juice and fermented CAJ were 5-10 times greater than condensed tannin contents, which were higher than the findings of Rufino et al. (2010) . Although the results indicated a great astringency related compounds content of CAJ from tannins, the decreasing hydrolysable tannin contents in fermented CAJ indicated decrease in astringency related metabolites.
Antioxidant capacity changes of fermented CAJ and 11.4°Bx CCAJ
The influence of different factors on the effectiveness of antioxidants in complex heterogeneous foods and biological systems cannot be evaluated using only a one-assay protocol. For that reason, two systems were chosen to evaluate the antioxidant capacity (ABTS Á? and DPPH Á ) of CAJ during fermentation where ABTS Á? is based on hydrogen atom transfer mechanism (HAT), whereas DPPH Á is based on electron transfer mechanism (ET) (Badarinath et al. 2010) . Figure 4a shows DPPH radical scavenging activity of fermented CAJ and fermented 11.4°Bx CCAJ produced under L. plantarum fermentation. The DPPH radical scavenging of CAJ fermented with L. plantarum slightly decreased (p \ 0.05) from 94.78 to 93.54% at the end of 72 h fermentation which was similar to the antioxidant values of control (95.46-95.00%). The DPPH radical scavenging activity of fermented 11.4°Bx CCAJ was four times lower than fermented CAJ and control, decreasing from 52.97 to 49.17% at the end of fermentation.
In this study, ABTS radical scavenging activities of fermented 11.4°Bx CCAJ were higher than fermented CAJ and control with values being 83.95, 74.07, and 77.04%, respectively at 0 h (Fig. 4b) . During 72 h fermentation time, ABTS radical scavenging activity of fermented CAJ and fermented 11.4°Bx CCAJ decreased significantly (p \ 0.05), whereas it remained constant for control. The decrease of ABTS radical scavenging activity was not in agreement with DPPH radical scavenging activity. The values obtained by the DPPH method were higher than those found by the ABTS method in case of control and fermented CAJ and remained at the higher level throughout the 72 h. In contrast the fermented 11.4°Bx CCAJ had very low DPPH radical scavenging activity than ABTS radical scavenging activity and marginally decreased over the 72 h. This could be due to the fact that the ABTS method was more sensitive to determine the antioxidant capacity of 11.4°Bx CCAJ due its initial high concentration from CAJ and then dilution to lower Brix resulting in higher water soluble antioxidants. Further, as a result of concentration and then dilution it may have been possible to determine antioxidant capacity at lower inhibitory concentrations (Badarinath et al. 2010) . It is interesting to note that radical scavenging activity of fermented CAJ remained greater than 50% after 72 h fermentation using both DPPH and ABTS assays, indicating a good potential for free radical scavenging of CAJ and good range of both water soluble and less water soluble antioxidants. This might also be due to the complex structure of cashew apple phenolics (Berry and Sargent 2011) which could be resistant to degradation or enzymatic hydrolysis during L. plantarum fermentation. At the same time in case of 11.4°Bx CCAJ the initial concentration from CAJ and subsequent dilution potentially resulted in more water soluble antioxidants and therefore responding better to ABTS assay. Results also indicated that DPPH Á radical scavenging activity was positively correlated to vitamin C and condensed tannins but not hydrolysable tannins. ABTS Á ? radical scavenging activity was also positively correlated to condensed tannins and not hydrolysable tannins. Overall L. plantarum mediated fermentation allowed antioxidant metabolites and related antioxidant activity to be sustained and at the same time astringency metabolite like hydrolysable tannin reduced.
Volatile compositions of fermented CAJ and 11.4°Bx CCAJ One of the most important characteristics of food products for consumer palatability is volatile flavor. Volatile compounds of CAJ and 11.4°Bx CCAJ fermented with L. plantarum were identified by comparison of their mass spectra by SPME-GC-MS on HP-5 column with libraries and published data (Table 1 ). In total, 17 flavor volatile compounds were identified in control at 0 h incubation. Volatile compounds of control were predominantly alcohol, followed by ester, and then acid. Major compounds such as 2,6-dimethyl-4-heptanol, ethyl-3-methyl-butanoate, and 3-methyl-1-butanol indicated that the odor descriptions were fruity, sweet, pineapple, whiskey, and malt type. These findings are consistent with other research reported previously for CAJ and cashew apple-based alcoholic beverages by the Osme gas chromatography/olfactometry technique (Garruti et al. 2006) . As the fermentation time increased, 3-methyl butanoic acid, 3-hydroxy-2-butanone, 3-methyl-1-butanol and 3-methylbutyl-3-methyl butanoate increased, whereas ethyl-3-methyl butanoate, 1-hexanol, ethyl-(2E)-2-methyl-butenoate, and ethyl-2-hydroxy caproate decreased (Table 1) . Results also indicated that the fruity odor decreased, but the whiskey and acid odor increased. There were 15 volatile compounds identified for L. plantarum fermented CAJ, which were predominantly ester, followed by alcohol, and acid. Major compounds of fermented CAJ were ethyl-3-methyl-butanoate, 2,6-dimethyl-4-heptanol and 3-methyl-1-butanol. According to Garruti et al. (2003 Garruti et al. ( , 2006 , among the detected compounds, the presence of ethyl-3-methyl butanoate, ethyl hexanoate, and ethyl-2-methyl-2-butenoate contributed to the fruity and cashewlike aroma of cashew apple-based alcoholic beverage. Fermentation time increased acid volatile compounds (3-methyl butanoic acid and 2-methyl butanoic acid) and as 3-methyl-1-butanol also increased (Table 1) . Moreover, the increase of unpleasant odor of fermented CAJ was due to 2-methyl butanoic acid (sweaty and cheese), ethyl isovalerate (ethyl 3-methyl butanoate) (sickly sweet and fruit flavors), and isovaleric acid (3-methyl butanoic acid) (pungent/sour odor). Moreover, 3-methyl-1-butanol contributing to the overripe cashew apple odor (Garruti et al. 2003 ) is derived from leucine and is considered the most quantitatively important alcohol in Chinese ciders (Fan et al. 2011) . Ethyl hexanoate (imparts fruity notes) and ethyl octanoate, reported as the odor-active compounds in CAJ (Garruti et al. 2003) , were detected in control and in low quantities in fermented CAJ (Table 1) . One important identified volatile is 1-hexanol which is considered to be a characteristic volatile compound of fruits and is produced during the enzymatic oxidation process of linoleic acid (Fan et al. 2011) . Moreover, volatile compounds of fermented CAJ were quite compatible with those reported for fermented apple juice (Braga et al. 2013) . It was found that inoculation with lactic acid bacteria generated a change in flavor profiles of fermented CAJ. For fermented 11.4°Bx CCAJ, only 2 flavor volatile compounds were identified; furfural and 3-methyl-1-butanol, and as the fermentation time increased, 3-methyl-1-butanol increased, but furfural decreased (data not shown). Odor description of volatile flavor compounds of 11.4°Bx CCAJ was bread, almond, sweet, creamy, malt, dried cashew, and cocoa which might be a result of caramelization, and condensation of amino groups and reducing compounds by the Maillard reaction due to heating of CAJ.
The major other volatile compounds identified in L. plantarum fermented CAJ were ethanol, whereas ethyl acetate and acetic acid were detected in lower amounts (data not shown). In this study L. plantarum might have had the ability to synthesize ethanol during fermentation due to the alcohol dehydrogenase activity, an enzyme able to convert acetaldehyde to ethanol. Ethyl acetate (odor note of pineapple) was detected in fermented CAJ which was higher than control over all fermentation times. These findings are consistent with research reported previously for cereal-based probiotic beverages with L. plantarum (Salmerón et al. 2014) . It was also found that acetic acid was the most abundant among short chain free fatty acids in fermented CAJ, but it was not found in control and fermented 11.4°Bx CCAJ. Moreover, the volatile production depends on the substrate in the fermentation process. This increase in volatile acidity in fermented CAJ may be due to the synthesis by L. plantarum.
Conclusion
Cashew apple juice, a good source of antioxidant compounds (total phenolic, condensed tannin, hydrolysable tannin, and ascorbic acid) and antioxidant capacity, causes unacceptable flavor and taste. This study found that condensed tannins of CAJ fermented with L. plantarum significantly increased but hydrolysable tannins decreased, resulting in reduction of astringent taste related metabolites over the 72 h fermentation period. Results also suggested *% Relative peak area of volatile compounds is expressed as (compound peak area /total compounds peak area ) 9 100 -Not detectable that though lactic acid fermentation resulted in marginal decrease of antioxidant compounds in some stages of fermentation their overall antioxidant activity was sustained from initial levels. At the same time astringency related metabolite like hydrolysable tannins was reduced and volatile compounds linked with desirable flavor that had marked characteristic of cashew apple flavor increased. Fermented CAJ with sustainable high levels of antioxidant compounds and other enhanced beneficial flavor phytochemicals is therefore a valuable target for designing bioactive probiotic functional beverage. This study provides sound foundation for future optimization of value added functional food and ingredient products from cashew apple juice through beneficial lactic acid fermentation.
